(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 739 607 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

30.10.1996 Bulletin 1996/44 

(21) Application number: 96302967.3 

(22) Date of filing: 26.04.1996 



(51) Intel e : A61B 17/12, A61M 25/01 



(84) Designated Contracting States: 


(72) Inventor: Mills, Timothy " 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


Los Gatos, California 95030 (US) 


NL PT SE 




(74) Representative: Price, Nina! John King 


(30) Priority: 28.04.1995 US 430744 


J. A. KEMP & CO. 


20.10.1995 US 546516 


14 South Square 




.Gray's Inn 


(71) Applicant: TARGET THERAPEUTICS, INC. 


4 London WC1 R 5LX (GB) 


Fremont, CA 94537-5120 (US) 



(54) Delivery catheter for electrolytically detachable implant 



(57) The invention involves a catheter for introduc- 
ing a delivery member such as a guidewire having an 
implant coupled thereto via an electrolytically disinte- 
gratable link that is coupled to the anode of a power sup- 
ply having an anode and a cathode. The catheter com- 
prises an elongated tubular member having an outer 
surface, proximal and distal end portions : a lumen ex- 
tending between those portions, an electrode and a con- 
ductor. The electrode is disposed within the outer sur- 
face of the tubular member in the vicinity of the distal 
end portion and has a surface that faces and communi- 
cates with the lumen. The electrode is electrically cou- 
pled to the conductor which, in turn, is adapted for cou- 



pling to the power supply cathode such that when the 
electrolytically disintegratable link is placed in an elec- 
trolytic solution, such as can be found in an aneurysm, 
and positive current is provided from the power supply 
to the link, current from the link may return to the cathode 
of the power supply via the electrode. With this construc- 
tion, the electrode is shielded from endolumenal struc- 
tures which could otherwise increase the resistance in 
the current path from the sacrificial link to the electrode. 
The positioning of the electrode in the catheter as de- 
scribed above allows a reproducible impedance path 
from the electrode to the detachment zone, thus reduc- 
ing detachment time variability. 
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Description 

The invention generally relates to the delivery of an 
occlusion device to a desired site in a mammal to facil- 
itate the formation of mechanical blockage or thrombi in s 
arteries, veins, aneurysms, vascular malformations, 
and arteriovenous fistulas. More specifically, the inven- 
tion involves apparatus for facilitating electrolytic sepa- 
ration of an implant, such as an embolic device, from a 
delivery member. 10 

Approximately 25,000 intracranial aneurysms rup- 
ture each year in North America. The primary purpose 
of treatment for a ruptured intracranial aneurysm is to 
prevent rebleeding. There are a variety of ways to treat 
ruptured and non-ruptured aneurysms. is 

Possibly the most widely known of these proce- 
dures is an extravascular approach which involves sur- 
gery or microsurgery. This treatment is common with in- 
tracranial berry aneurysms. The method comprises clip- 
ping the neck of the aneurysm, performing a suture li- 20 
gation of the neck, or wrapping the entire aneurysm. 
Each of these procedures is formed by intrusive inva- 
sion into the body and performed from the outside of the 
aneurysm or target site. General anesthesia, cranioto- 
my, brain retraction, and placement of a clip around the 2s 
neck of the aneurysm are typically required in these sur- 
gical procedures. The surgical procedure is often de- 
layed while waiting for the patient to stabilize medically. 
For this reason, many patients die from the underlying 
disease or defect prior to the initiation of the procedure. 30 

Another procedure is the extra-intravascular ap- 
proach. This approach involves surgically exposing or 
stereotactically reaching an aneurysm with a probe. The 
wall of the aneurysm is then perforated from the outside 
and various techniques are used to occlude the interior 35 
in order to prevent it from rebleeding. The techniques 
used to occlude the aneurysm include electrothrombo- 
sis, adhesive embolization, hog hair embolization, and 
ferromagnetic thrombosis. These procedures are dis- 
cussed in U.S. Patent No. 5,122,136 to Guglielmi etal., , 40 
the entirety of which is incorporated herein by reference. 

A still further approach, the least invasive, also is 
described in Guglielmi et al (supra). It is the endovas- 
cular approach. In this approach, the interior of the an- 
eurysm is entered by use of a catheter such as those 45 
shown in Engelson (Catheter Guidewire), U.S. Patent 
No. 4,884,575 and also in Engelson (Catheter for 
Guidewire Tracking), U.S. Patent No. 4,739,768. These 
patents describe devices utilizing guidewires and cath- 
eters which allow access to an aneurysm from remote so 
portions of the body. Specifically, by the use of catheters 
having very flexible distal regions and guidewires which 
aro stecrable to the region of the aneurysm, embolic de- 
vices which may be delivered through the catheter are 
an alternative to the extravascular and extra-intravas- ss 
cular approaches. 

The endovascular approach typically includes two 
major steps. The first step involves the introduction of 



the catheter to the aneurysm site using devices such as 
shown in the Engelson patents. The second step often 
involves filling the aneurysm in some fashion or another. 
For instance, a balloon may be introduced into the an- 
eurysm from the distal portion of the catheter where it is 
inflated, detached, and left to occlude the aneurysm. In 
this way, the parent artery is preserved. Balloons are 
becoming less in favor because of difficulty in introduc- 
ing the balloon into the aneurysm sac, the possibility of 
an aneurysm rupture due to overinflation of the balloon 
within the aneurysm or due to stress placed on the non- 
spherically shaped aneurysm by the spherical balloon, 
and the risk associated with traction produced when de- 
taching the balloon. 

A highly desirable embolism-forming device that ray 
be introduced into an aneurysm using endovascular 
placement procedures, is found in U.S. Patent No. 
1 ,994,069: to Ritchart et al. The device, typically a plat- 
inum/tungsten alloy coil having a very small diameter, 
may be introduced into an aneurysm through a catheter 
such as those described in Engelson above. These coils 
are often made of wire having a diameter of 2-6 mils. 
The coil diameter may be 1 0-30 mils. These soft, flexible 
coils may be of any length desirable and appropriate for 
the site to be occluded. For instance, the coils may be 
used to fill a berry aneurysm. Within a short period of 
time after the filling of the aneurysm with the embolic 
device, a thrombus forms in the aneurysm and is shortly 
thereafter complemented with a collagenous material 
which significantly lessens the potential for aneurysm 
rupture. 

Coils such as seen in Ritchart et al. may be deliv- 
ered to the vasculature site in a variety of ways includ- 
ing, e.g., mechanically detaching them from the delivery 
device as is shown in U.S. Patent No. 5,250,071, to Pal- 
ermo or by electrolytic detachment as is shown in 
Guglielmi et al. (U.S. Patent No. 5,122,136), discussed 
above. 

Guglielmi et al. shows an embolism-forming device 
and procedure for using that device. Specifically, the 
Guglielmi device fills a vascular cavity (such as an an- 
eurysm) with an embolic device, typically a platinum coil, 
that has been endovascularly.delivered. The coil is then 
severed from its insertion tool by the application of a 
small electric current. Desirably, the insertion device in- 
volves a guidewire which is attached at its distal end to 
the embolic device by a sacrificial joint that is electrolyt- 
ically dissolvable. Guglielmi et al. suggests that when 
the embolic device is a platinum coil, the platinum coil 
may be 1 .50 cm. or longer as is necessary. Proximal of 
the embolic coil is a guidewire, often stainless steel in 
construction. The guidewire is used to push the platinum 
embolic coil, obviously with great gentleness, into the 
vascular site to be occluded. The patent shows a variety 
of ways of linking the embolic coil to the pusher 
guidewire. For instance, the guidewire is tapered at its 
distal end and the distal tip of the guidewire is soldered 
into the proximal end of the embolic coil. Additionally, a 
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stainless steel coil is wrapped coaxially about the distal 
tapered portion of the guidewire to provide column 
strength to the guidewire. This coaxial stainless steel 
wire is joined both to the guidewire and to the embolic 
coil. Insulation may be used to cover a portion of the 
strength-providing stainless steel coil. This arrange- 
ment provides for two regions which must be electrolyt- 
ically severed before the embolic coil is severed from 
the guidewire. 

U.S. Patent application 08/147,529 filed November 
3, 1993, describes a variation of the Guglielmi detach- 
able coil using an improved sacrificial link between the 
guidewire and the coil. The size of the sacrificial link is 
limited to allow more precise placement of the embolic 
device and facilitate quick detachment. The focussed 
electrolysis found at the sacrificial site reduces the over- 
all possibility of occurrence of multiple electrolysis sites 
and liberation of large particles from those sites. 

The circuit involved in the electrolytic coil detach- 
ment arrangements discussed above generally includes 
a power source having its positive terminal coupled to 
the sacrificial link via a guidewire, for example. More 
specifically, a positive electric current of approximately 
0.01 to 2 milliamps is applied to the guidewire which is 
coupled to the sacrificial link that is intended to undergo 
electrolytic disintegration and which initially couples the 
implant (e.g., the vasoocclusion device) to the 
guidewire. The negative terminal of the power source is 
typically coupled to an electrode that is placed over and 
in contact with the patient's skin. This can be accom- 
plished, for example, with a large skin electrode such as 
a ground pad or needle. Thus, the current path flowing 
from the detachment zone (etch site on the sacrificial 
link) to the ground electrode includes the patient's fluids 
and tissues. While the impedance to current flow is gen- 
erally predictable through the delivery member or 
guidewire (approximately 200 ohms), the additional im- 
pedance of the current's return path to the ground elec- 
trode is dependent on variable impedances which de- 
pend on the blood milieu of the aneurysm, density of coil 
packing in the aneurysm, conductivity of the aneurysm 
wall, patient's tissue and return skin electrode, and fluid 
volume, for example. If, due to the variable Impedances, 
the impedance to current flow through the occlusive de- 
vice, which preferably is a platinum coil, becomes less 
than the impedance to current flow from the detachment 
zone, it is believed that detachment times will increase. 

Another return electrode or cathode arrangement is 
disclosed in U.S. Patent No. 5,364,295 to Guglielmi et 
al. In that arrangement, the microcatheter is supplied 
with an end electrode. More specifically, the electrode 
extends distally from the microcatheter and is coupled 
to an electrical conductor or wire disposed along the 
length of the microcatheter. The wire is ultimately led 
back to the negative terminal of the power source so 
that the electrode (ring electrode) is used as the cathode 
during electrothrombosis instead of an exterior skin 
electrode. 



According to the '295 patent, the electrical currents 
and electrical current paths which are set up during elec- 
trothrombosis formation using the above-described 
catheter-electrode arrangement are local to the site of 
5 application, which allows even smaller currents and volt- 
ages to be used to initiate electrothrombosis than in the 
situation when an exterior skin electrode must be uti- 
lized. The electrothrombosic current distributions are al- 
so better controlled and localized to the site of the throm- 
bus formation. The possibility of stray thrombus forma- 
tions occurring at unwanted sites or uncontrolled and 
possibly unwanted electrical current patterns being es- 
tablished elsewhere in the brain or body is therefore 
largely avoided. 

However, Applicant has found that under certain 
conditions, this return electrode arrangement may not 
provide consistent results. For example, since the return 
electrode or cathode extends distally from the micro- 
catheter and is directly exposed to the endolumenal en- 
vironment, it can contact tissue in thai environment, 
such as the wall of the aneurysm. It is believed that such 
contact would increase the resistance in the current re- 
turn path from the sacrificial link to the return electrode 
and increase electrolytic detachment times. In addition, 
multiple coils typically are placed in the aneurysm to in- 
crease the packing density therein and enhance throm- 
bosis. Coils previously placed within the aneurysm may 
contact the electrode as the microcatheter is positioned 
at the aneurysm opening to deliver a further coil. It is 
believed that this may result in the current finding a lower 
impedance return path through portions of contacting 
coils than through the blood or fluid between the sacri- 
ficial link and the electrode. This may preclude the nec- 
essary electrolysis for disintegration of the sacrificial 
link, since optimal electrolysis occurs when the fluid re- 
sistance is less than the coil resistance. 

The present invention involves a catheter for intro- 
ducing a delivery member such as a guidewire having 
an implant coupled thereto via an electrolytically disin- 
tegratable link that is coupled to the anode of a power 
supply having an anode and a cathode. According to the 
invention, the catheter comprises an elongated tubular 
member having an outer surface, proximal and distal 
end portions, a lumen extending between those por- 
tions, an electrode and a conductor. The electrode is dis- 
posed within the outer surface of the tubular member in 
the vicinity of the distal end portion and has a surface 
that faces and communicates with the lumen. The elec- 
trode is electrically coupled to the conductor which, in 
turn, is adapted for coupling to the power supply cathode 
such that when the electrolytically disintegratable link is 
placed in an electrolytic solution, such as can be found 
in an aneurysm, and positive current is provided from 
the power supply to the link, current from the link may 
return to the cathode of the power supply via the elec- 
trode. With this construction, the electrode is shielded 
from endolumenal structures which could otherwise in- 
crease the resistance in the current path from the sac- 
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rificial link to the electrode. The positioning of the elec- 
trode in the catheter as described above allows a repro- 
ducible impedance path from the electrode to the de- 
tachment zone, thus reducing detachment time variabil- 
ity. 

In one embodiment, the electrode also is spaced 
inwardly from the distal tip of the catheter. This advan- 
tageously minimizes or eliminates the possibility of im- 
plants, such as occlusion devices, previously placed at 
the site, from contacting the electrode and creating a 
current return path that bypasses the blood or fluid be- 
tween the etch site on the sacrificial link and the return 
electrode. Such contact may otherwise preclude elec- 
trolysis and coil detachment. The distal most surface of 
the electrode also may be electrically insulated to mini- 
mize the likelihood of endolumenal structures from con- 
tacting the electrode. 

According to another embodiment of the invention, 
the most distal surface of the electrode may be adjacent 
to Ihe distal tip of the catheter. In this arrangement, that 
most distal surface is electrically insulated to minimize 
the likelihood of endolumenal structures contacting the 
electrode. 

According to another aspect of the invention, the 
conductor is embedded in the wall of the tubular mem- 
ber. This advantageously places the conductor or lead 
outside the lumen so that it does not interfere with the 
passage of the implant (e.g., an occlusion device such 
as an embolic coil) as the implant is delivered through 
the catheter to the desired site. This arrangement also 
prevents the conductor from contacting the vessel wall. 

According to a further feature of the invention, the 
electrode is positioned so as not to extend radially in- 
ward beyond the inner surface of the tubular member 
that defines the lumen. With this construction, the pos- 
sibility of the electrode catching the implant or occlusion 
device as it passes the electrode is largely avoided or 
eliminated. 

The above is a brief description of some of the fea- 
tures and advantages of the present invention. Other, 
features, advantages and embodiments of the invention 
will be apparent to those skilled in the art from the fol- 
lowing description, accompanying drawings and ap- 
pended claims. 

Brief Description of the Drawings 

Fig. 1 is a diagrammatic view of an electrolytic de- 
tachment system constructed according to the princi- 
ples of the present invention. 

Fig. 2 is an enlarged partial section of the implant 
delivery assembly shown in Fig. 1 , illustrating the inter- 
connection among the guidewire, sacrificial link and im- 
plant. 

Fig. 3 illustrates a further embodiment of the inter- 
connection shown in Fig. 2. 

Fig. 4 is an enlarged sectional view of the distal end 
portion of the catheter shown in Fig. 1 illustrating a return 



electrode arrangement according to the present inven- 
tion. 

Fig. 4A shows another embodiment of the return 
electrode arrangement of Fig. 4. 
5 Figs. 5A and 5B show a further embodiment of the 
catheter of the present invention. 

Figs. 6A and 6B show yet another embodiment of 
the catheter of the present invention. 

Figs. 7 and 8 schematically depict the method for 
10 deploying an occlusion device according to the present 
invention. 

Fig. 9 is a block diagram of a power drive delivery 
and detection circuit for detecting electrolytic separation 
of an occlusion device. 
15 Fig. 10 is a schematic representation of the block 
diagram of Fig. 9. 

Detailed Description of the Invention 

20 Referring to the drawings in detail wherein like nu- 
merals indicate like elements, an implant delivery and 
electrolytic detachment system 2 constructed according 
to the principles of the present invention is diagrammat- 
ically shown. Referring to Fig. 1, system 2 generally 

25 comprises a delivery catheter 4, which includes elec- 
trode 6, an implant delivery assembly 8 and power sup- 
ply 170. Implant delivery assembly 8 generally includes 
a guidewire (or core wire), an implant and a sacrificial 
link that couples the implant to the guidewire, as will be 

30 described in more detail below. 

Referring to Fig. 2, an enlarged view of a portion of 
implant assembly 8 is shown illustrating the intercon- 
nection between the guidewire, sacrificial link and im- 
plant for facilitating electrolytic detachment of the im- 

35 plant from the guidewire. Specifically, guidewire 1 02 ta- 
pers at its distal end to a point which is soldered into the 
proximal end of an implant 104. In the illustrative em- 
bodiment, implant 104 is shown as a yasoocclusive de- 
vice, which in this case is a coil preferably of radiopaque 

40 physiologically compatible material such as platinum, 
tungsten, gold, iridium or alloys of these materials. 

Guidewire 102, which preferably is stainless steel, 
typically is approximately 10-30 mils in diameter and 
50-300 cm in length from the entry site outside the body 

45 to sacrificial link 106. As shown in Fig. 2, sacrificial link 
1 06 is the exposed portion of gu idewire 1 02 that extends 
beyond insulator 112. Link 106 is of a material, such as 
stainless steel, which is susceptible to electrolytic dis- 
solution in blood. 

so Guidewire 102 preferably is covered with an insu- 
lating material from its proximal end to its distal exposed 
portion which forms sacrificial link 106. Suitable insulat- 
ing materials include Teflon®, poluyrethane, polyethyl- 
ene, polypropylene, or other suitable polymeric materi- 

55 a l. In a first embodiment, link 106 is not coated with an 
electrical insulator. In this case, the length of link 106 
preferably is approximately equal to its diameter so that 
the electrolytic surface present after the vasoocclusive 
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device is released is not substantially greater than would 
be a circle having the diameter of the link (link diameters, 
when dealing with aneurysms, may range from about 
2-4 mils, for example). This configuration reduces the 
likelihood of multiple etch sites on the link. Alternatively, 5 
link 106 can be coated with a polymer, preferably 
parylene (polyxyxylene), and a UV laser (excimer type) 
used to cut a circumferential groove, having about a 1 -3 
mil in width, in the polymer to expose only a small ring 
of the link and localize the disintegration area. Prefera- 10 
bly, the groove is immediately adjacent to the intercon- 
nection between the link and implant. 

Implant delivery assembly 8 also includes insula- 
tors 110 and 112 and coil 108, which is coupled at its 
proximal end to the guidewire by soldering, for example, is 
Coil 108 is designed to provide some column strength 
to guidewire 102 while not detrimentally affecting the 
flexibility of the tapered portion of the guidewire. Obvi- 
ously, in the area where support coil 108 is soldered to 
guidewire 102, the coatin.g on the guidewire is not 20 
present, allowing the solder to adhere to metal surfaces. 

Insulators 1 1 0 and 11 2 are provided at the distal end 
portion of guidewire 102 and serve to further remove 
stainless steel coil 108 from contact with the blood dur- 
ing electrolysis. In the illustrative embodiment, insula- 25 
tors 110 and 112 comprise a sleeve and plug, respec- 
tively. Preferably, end plug 112 and sleeve 110 are ad- 
hesively attached to each other to form an electrically 
insulating or electrolysis-tight housing about coil 108. 
End plug 112 and sleeve 110 form a generally planar 30 
surface which is generally perpendicular to the axis of 
the guidewire 102 (Fig. 2). The shape of the surface is 
not critical except to the extent it allows reasonably free 
access of the blood to sacrificial link 106. Curved, slotted 
and other variations of the end surface are also contem- 35 
plated to be used in this invention. As noted above, the 
distal end of guidewire 102 is inserted into the solder 
joint 114 forming the proximal end of vasoocclusive de- 
vice 104. 

Referring to Fig. 3, one suitable configuration for 40 
guidewire 102 is shown. In this embodiment, guidewire 
102 includes tapered or conical section 142, section 144 
which extends along a length of the guidewire designat- 
ed with reference numeral 146 and section 148. Section 
144 gradually narrows down to thinner section 148. 45 
Guidewire 1 02 is delivered to the desired site via a cath- 
eter constructed according to the present invention (e. 
g., catheter 4, 4' or 4") and is typically 50-200 cm in 
length down to sacrificial link 106. In the arrangement 
shown in Fig. 3, the distal section of guidewire 102 has so 
an outer sleeve 110\ comprising Teflon® or other ap- 
propriate insulating material, which is longer than sleeve 
110 in Fig. 2. 

Preferably, vasoocclusive device 104, when a coil, 
is prebiased to form a secondary loop or helix superim- ss 
posed on its primary helical winding configuration when 
in a relaxed state, as shown in Fig. 3. However, vasooc- 
clusive device 104 preferably is extremely soft and its 



overall shape is easily deformed. When inserted within 
a catheter, such as catheter 4 as diagrammatically 
shown in Fig. 2, vasoocclusive device 104 is easily 
straightened to lieaxially within the catheter. Once eject- 
ed from the tip of the catheter, vasoocclusive device 1 04 
may form a shape such as that shown in Fig. 3. Alter- 
natively, device 104 may be constructed to have a dif- 
ferent secondary shape or it may be loosely deformed 
to conform to the interior shape of the aneurysm. The 
distal end of vasoocclusive device 104 may also have 
an end plug or tip 154 to prevent punctures of endolu- 
menal structures such as an aneurysm wall when intro- 
duced into an aneurysm sac. 

Although implant 104 is shown as a vasoocclusive 
coil, it may take other forms. It can be a vasoocclusive 
braid, for example. Vasoocclusive device 104 also may 
be covered or connected with fibrous materials tied to 
the outside of the coil or braided onto the outer cover of 
the coil as desired. Such fibrous adjuvants may be found 
in Q.S. Patent Appl. No. 07/965,973, to Phelps et al , or 
in U.S. Patent Appl. No. 07/771,013, entitled "vasooc- 
clusion Coil with Attached Fibrous Elements", the en- 
tirety of which are incorporated by reference. 

Referring to Fig. 4, a sectional view of delivery cath- 
eter 4 is shown in accordance with the present invention. 
Catheter 4 preferably comprises an elongated tubular 
member or tube having a laminate structure comprising 
a pair of concentrically arranged tubular members or 
tubes 10 and 12. The inner surface or wall of tube 10 
defines lumen 14 through which the implant delivery as- 
sembly 8 is passed. This construction facilitates posi- 
tioning or embedding the electrode and conductor within 
the catheter as will be more fully appreciated from the 
description below. However, other catheter construc- 
tions may be used without departing from the scope of 
the invention. 

In accordance with the present invention, return 
electrode 6 is provided within catheter 4. The electrode 
can, for example, comprise copper, platinum, nitinol or 
alloys thereof. It is important that electrode 6 be posi- 
tioned within catheter 4 to minimize the risk of or avoid 
presenting an exposed surface that could interface with 
endolumenal structures in the electrolysis or detach- 
ment zone. In general, the electrode is arranged to min- 
imize the likelihood of electrical contact with such endol- 
umenal structures. 

According to one embodiment of the invention, 
electrode 6 preferably also is positioned or spaced lon- 
gitudinally inward from the distal tip of catheter 4, as 
shown in Fig. 4, so that the possibility of any coils (pre- 
viously delivered to the detachment or electrolysis zone) 
contacting the electrode and adversely affecting elec- 
trolysis is minimized or eliminated. Although the elec- 
trode preferably is as close as possible to the distal tip 
of the catheter to minimize the impedance in the return 
current path, the most distal surface of the electrode 
preferably is spaced inwardly from the distal end of the 
catheter a distance equal to at least one-half the inner 
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radius of lumen 14 to minimize or eliminate interference 
with other coils as noted above. In other words, the elec- 
trode preferably is exposed only to the internal lumen of 
the catheter, and is as distal as possible without con- 
ducting at the catheter tip. 5 

According to another embodiment of the invention, 
the most exposed surface, such as distal side surface 
6a illustrated in the example shown in Fig. 4A, is elec- 
trically isolated. This arrangement also is believed to 
provide the desired results and can be accomplished, 10 
for example, by applying a coating or thin film 7 of insu- 
lation material to distal or transversely extending sur- 
face 6a of electrode 6 as would be apparent to one of 
ordinary skill in the art. The insulation also can be ex- 
tended proximally along a portion of the inner circum- is 
ferential surface of electrode 6. 

With the above-described electrode positioning, the 
fluid (preferably a saline solution) flowing in the delivery 
catheter will provide a reproducible Impedance path 
from the internal electrode to the detachment zone 20 
where the sacrificial link resides and, thus, reduce de- 
tachment time variability 

In the illustrative embodiment, electrode 6 is annu- 
lar and positioned inside outer tube 12 and adjacent to 
the distal end of inner tube 10. The inner diameter of 25 
annular electrode 6 preferably is the same as the inner 
diameter of inner tube 1 0 so that the electrode and inner 
tube 10 present a continuous, nonobstructed, smooth 
surface to prevent implant or coil 1 04 from touching that 
surface when being delivered through lumen 14 to the 30 
target site. The annular configuration also advanta- 
geously provides a large exposed electrode surface that 
enhances current flow efficiencies. Although a particular 
electrode configuration has been shown, it should be 
understood that other configurations can be used. Gen- 35 
erally, a large electrode surface area is desired as it in- 
creases current flow efficiencies by aiding too large a 
current density passing therethrough. For example, a 
segmented electrode can be used that is spaced in the 
circumferential direction along the inner surface of the, 40 
catheter in the same position as shown in Figs. 4 or 4A. 

Catheter 4 is further provided with a conductor 16. 
Referring to Fig. 4, conductor 16 is in the form of wire 
and has a distal end that is coupled, for example by sol- 
dering, to electrode 6 at the general location indicated 45 
by reference numeral 18. Conductor 16 extends from 
electrode 6 between tubular members 10 and 12 to 
proximal end portion of catheter 4 where it can be elec- 
trically connected to power supply 170 either directly or 
with a lead as would be apparent to one of ordinary skill. 50 
For example, conductor 6 can extend through a radial 
portion of the proximal portion of catheter 4 adjacent to 
hub 20 as shown in Fig. 1 and then be coupled to lead 
22 (e.g., at reference point 26) which is electrically cou- 
pled to the negative terminal or cathode of the power 55 
supply. Alternatively, conductor 6 can extend into a con- 
ventional hub assembly 20 (diagrammatical ly shown in 
Fig. 1) where the conductor 6 is electrically coupled to 



lead 22 via a connection in the hub. 

Delivery catheter 4 preferably is manufactured in 
the following way which is provided for illustrative pur- 
poses, but not intended to limit the invention. Inner tube 
10 and electrode 6 are positioned on a mandrel having 
a diameter slightly less than the inner diameter of inner 
tube 10 and electrode 6. Electrode 6 is positioned im- 
mediately adjacent the distal end of inner tube 10, as 
shown in Fig. 4. The conductor 16 is then coupled to the 
electrode and extended toward the proximal end portion 
of the catheter, where it eventually is interconnected 
with hub 20, or extended radially through tube 12 adja- 
cent to hub 20 as described above. Referring to Fig. 4, 
outer tube 12 is then moved over the electrode toward 
the distal end of inner tube 1 0 and then toward the prox- 
imal portion of catheter 4, where it is coupled to hub 20. 
In this manner, conductor or wire 16 is embedded in the 
catheter wall and prevented from entering lumen 14, 
where it could otherwise interfere with the delivery of coil 
104. At the very distal end of the catheter, a filler 24 com- 
prising thermoplastic material, for example, is provided 
to maintain an essentially constant lumen diameter and 
embed the distal side surface 6a of electrode 6 in the 
catheter to preclude its exposure to the endolumenal en- 
vironment. 

Referring to Figs. 5 A and 5B, a further embodiment 
of the invention is shown. In this embodiment, catheter 
4" is the same as catheter 4 except that the conductor, 
designated with reference numeral 16', as a generally 
tubular braided member (e.g., having a construction like 
a "Chinese finger"). Conductor 16' preferably is posi- 
tioned between tubes 10 and 12 for the reasons dis- 
cussed above. In addition to providing a coupling from 
the electrode to the power supply, the braided construc- 
tion allows the conductor to provide the catheter with 
variable stiffness simply by varying the mesh size of the 
braid along the length of the conductor. In the preferred 
embodiment, the mesh size of the braid progressively 
increases toward the distal end of the conductor so that 
the catheter flexibility progressively increases toward 
the distal tip. This allows the catheter to maneuver into 
very small, complex vessel structures. 

In another embodiment of the invention, the coil is 
configured as a coil as shown in Figs. 6A and B and 
designated with reference character 16 a . In this embod- 
iment, the coil pitch preferably increases toward the dis- 
tal tip to progressively increase the flexibility of the cath- 
eter in the same direction to enhance catheter maneu- 
verability as noted above. Coil 16" can be coupled to 
electrode 6. Alternatively, the distal portion of coil 16" 
can be substituted for electrode 6 as shown in Fig. 6B. 
That is, in a preferred embodiment, coil portion 16", 
which extends distally of tube 10, forms the electrode. 

Fig. 7 shows the placement of an occlusion device 
described above within an aneurysm. The procedure for 
placing an embolic device is typically practiced under 
fluoroscopic control with local anesthesia. Atransfemo- 
ral catheter is utilized to treat a cerebral aneurysm and 



6 



NSDCCID: <EP 0739607A2_I_> 



11 



EP 0 739 607 A2 



12 



is usually introduced at the groin. The physician guides 
the distal tip of the catheter to the target site. The em- 
bolic device is then inserted into the catheter. Using a 
fluoroscope, the physician guides the device to the de- 
sired position before separation is initiated. When the s 
vasoocclusive device 104 is platinum, it is not effected 
by electrolysis. When the guidewire and pertinent por- 
tions of the supporting coils at the distal tip of the 
guidewire are adequately coated with insulating cover- 
ings, only the exposed portion at the sacrificial link 106 10 
is effected by the electrolysis. 

Returning to Fig. 7, catheter 4 is positioned in a ves- 
sel 156 with the tip of catheter 4 placed near neck 160 
of aneurysm 162. A vasoocclusive device, such as de- 
vice 1 04, is fed into aneurysm 1 62 at least until sacrificial is 
link 106 is exposed beyond the distal tip of the catheter 
1 58. The guidewire and catheter can be provided with 
radiopaque markers to facilitate observation of the rel- 
ative positions of the guidewire and catheter distal ends 
as disclosed in U.S. Patent No. 5,354,295, which is 20 
heieby incorporated herein by reference. Alternatively, 
the catheter and guidewire may be provided with radio- 
paque markers, such as markers 164 and 166, that are 
arranged so that they become aligned when sacrificial 
link 106 is just outside the distal tip of the catheter as 2S 
diagrammitically shown in Fig. 7. 

A positive electric current of approximately 0.1-10 
milliamps, preferably about 1 milliamp, at 0.1-6 volts, is 
applied to guidewire 102 (shown in dashed line) via DC 
power supply 170 to form a thrombus within aneurysm 30 
162 and dissolve sacrificial link 106. As shown in Figs. 
5 and 6. the positive terminal of power supply 170 is at- 
tached to the proximal end of guidewire 102 and, thus, 
to link 106. Negative or return electrode 6 is coupled to 
the negative terminal of power supply 1 70, as described 3S 
above. 

After a vasoocclusive device has been properly 
placed inside the aneurysm 162, the power is delivered 
to link 106 and a solution, preferably a saline solution, 
is delivered through the catheter to enhance current flow 40 
from link 106 into catheter 4 to electrode 6. After sacri- 
ficial link 106 is completely dissolved by electrolytic ac- 
tion, typically within 1 -1 0 minutes, thereby detaching de- 
vice 104 from guidewire 102, guidewire 102 is removed 
from catheter 4 and from vessel 156. Additional vasooc- 45 
elusive devices may be placed in aneurysm 162 along 
with previously detached devices 104 until aneurysm 
162 is occluded as shown in Fig. 8. At this point, 
guidewire 102 and catheter 158 are withdrawn. 

A detachment detection system, such as disclosed so 
in PCT application number PCT/US95/02635 entitled 
"Endovascular Embolic Detachment Detection Method, 
" may be used with the invention to determine when the 
implant becomes detached so that the power supply can 
be shut down. In general, DC power with AC superpo- ss 
sition is provided to facilitate both electrolysis and de- 
tection. 

The DC power input facilitates electrolysis of link 



106 and, thus, detachment of the coil, while the AC pow- 
er provides a signal to monitor and detect detachment. 
More specifically, the voltage or current amplitude of the 
AC signal is monitored so that the DC power input can 
be interrupted in response to detecting a sudden change 
in the AC signal amplitude. If the DC power source is of 
a constant current design, the voltage amplitude of the 
AG signal would be monitored. If the DC source has a 
constant voltage output, the current amplitude of the AC 
signal provides the desired change. A preferred power 
supply and embolic device detection circuit (EDDC) is 
described below. 

Referring to Fig. 9, a constant current drive circuit 
and feedback loop 310 and an EDDC 319 for inducing 
and detecting the electrolytic separation of an occlusion 
device from a delivery member or guidewire are shown. 
The EDDC includes an AC impedance monitoring circuit 
and a circuit for detecting changes in the monitored im- 
pedance which can comprise microprocessor 300 as 
wil(be described in more detail below. The power supply 
and detection circuit (31 0, 31 9) provide a means to sup- 
ply DC power with AC superposition and directly monitor 
the AC impedance by observing the reaction of amplifier 
330 in response to the change in AC impedance. 

Referring to Fig. 10, AC signal source 400 is cou- 
pled to the reference input of amplifier 330 so as to mod- 
ulate the output current (i.e., provide AC superposition 
on the DC current). For purposes of example, a 31 .25 
kHz 1 00 mV peak-to-peak sine wave has been found to 
be a suitable input to the amplifier. Capacitor 401 is pro- 
vided between AC signal source 400 and amplifier 330 
to isolate DC bias from the AC signal input. Reference 
Voltage 333 and current sense resistor 342 and ampli- 
fier 330 comprise a constant current drive circuit. One 
suitable amplifier is a TI2274N amplifier manufactured 
by Texas Instruments. 

In operation, an AC signal is provided to the non- 
inverting input of amplifier 330 where jt is summed with 
the DC current reference. DC current with AC superpo- 
sition is output from amplifier 330 and sent to the sacri- 
ficial link (e.g., link 106 shown in Fig. 2,) which is posi- 
tioned in patient 200. The DC and AC current paths 
branch. The DC current flows from the sacrificial link 
without passing through the coil, while the AC signal 
continues through the coil. These current paths rejoin at 
return electrode 6 (TIM: Please Confirm) and continue 
to AC and DC feedback loop 402. The AC signal is mon- 
itored at the output of the constant current amplifier 
where a measurement of AC impedance can be made 
through EDDC 319. 

The amplitude of the AC signal is monitored through 
pick-off capacitor 340 (Fig. 10), in this case, a 0.1 mi- 
crofarad monolithic capacitor. The AC signal from ca- 
pacitor 340 is then amplified in the AC signal amplifier 
320, and is rectified and the peak detected in the AC to 
DC rectifier 321. The DC signal, the level of which is 
representative of the amplitude of the AC voltage of con- 
stant current amplifier 330 is then sent to the microproc- 
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essor (CPU) 300 for monitoring and analysis as de- 
scribed below. 

The AC signal, which in the illustrated embodiment 
described above is voltage, is monitored by sampling 
the level of the amplified DC signal every 10 to 250 mil- 
liseconds, preferably every 50 to 200 milliseconds, and 
constantly averaging the signal every 5 to 50 samples, 
preferably every 10-20 samples or every 0.5-10 sec- 
onds, preferably every 2-6 seconds. In this manner, the 
CPU can accurately determine the instant the occlusion 
device detaches as discussed below. 

When the occlusion device detaches, constant cur- 
rent amplifier 330 instantly reacts to the change in AC 
impedance. The voltage amplitude of the AC waveform 
increases in an attempt to maintain the constant AC cur- 
rent set at the non-inverting input. During this period the 
amplified EDDC signal will show a sudden voltage in- 
crease of greater than 20%, preferably an increase of 
greater than 30% of the average level for the procedure. 
This sudden voltage increase reliably detects the disso- 
lution of the junction between the embolic device and 
the guidewire. 

When the sudden voltage decrease is detected, the 
microprocessor immediately halts current flow, and no 
further electrolysis can occur. Using fluoroscopy, the 
physician can verify that detachment has occurred. If 
detachment is incomplete and further electrolysis is nec- 
essary, the procedure can be resumed by pressing the 
current-select switch on the front panel. If detachment 
is verified, the physician can turn off the power supply 
and withdraw the guidewire. If necessary, another coil 
can be placed at the site and the power supply started 
again. If no action is taken, the power supply will auto- 
matically turn itself off after 1 5 minutes. 

Throughout this application; various publications, 
patents and patent applications are referred to by an 
identifying citation. The disclosures of these publica- 
tions, patents and published patent applications are 
hereby incorporated by reference into this application. 

The above is a detailed description of particular em- „ 
bodiments of the invention. It is recognized that depar- 
tures from the disclosed embodiment may be made 
within the scope of the invention and that many altera- 
tions and modifications may be made by those having 
ordinary skill in the art without departing from the spirit 
and scope of the invention set out in the claims. The full 
scope of the invention is set out in the claims that follow 
and their equivalents. 



Claims 

1 . A catheter for introducing a guidewire having an im- 
plant coupled thereto via an electrolytically disinte- 
g ratable link that is coupled to the anode of a power 
supply having an anode and a cathode, said cath- 
eter comprising: 



an elongated tubular member having an outer 
surface, proximal and distal end portions and 
an inner surface defining a lumen; 
an electrode disposed within said outer surface 
s of said elongated tubular member in the vicinity 

of said distal end portion and having a surface 
that faces and communicates with said lumen; 
and 

a conductor electrically coupled to said elec- 
10 trode and adapted for coupling to the cathode 

of said power supply such that when said elec- 
trolytically disintegratable link is placed in an 
electrolytic solution and positive current from 
the power supply is provided to said link, cur- 
15 rent from said link may return to the cathode of 

said power supply via said electrode. 

2. The catheter of claim 1 , wherein said distal end por- 
tion of said elongated tubular member includes a 

20 distal tip, said electrode being spaced inwardly from 
j said distal tip. 

3. The catheter of claim 2, wherein said electrode is 
spaced inwardly from said distal tip a distance of at 

2S least one-half the radius of the lumen measured at 
said distal tip. 

4. The catheter of any one of the preceding claims, 
wherein said electrode is ring shaped. 

30 

5. The catheter of any one of the preceding claims, 
wherein said electrode comprises metal. 

6. The catheter of any one of the preceding claims, 
35 wherein said conductor is embedded in said elon- 
gated tubular member. 

7. The catheter of any one of the preceding claims, 
wherein said conductor is in the form of a wire. 

40 

8. The catheter of any one of claims 1 to 6, wherein 
said conductor comprises a tubular braided mem- 
ber. 

45 9. The catheter of claim 8, wherein said tubular braid- 
ed member has an end portion generally aligned 
with said distal end portion of said elongated tube, 
said braided member end portion having a mesh 
size that is greater than at least a substantial extent 
so of the remaining portion of said braided member. 

10. The catheter of claim 8 or claim 9, wherein said tu- 
bular braided member has multiple flexibilities 
along its length with the distal end portion of said 

55 braid having a relatively high flexibility. 

11. The catheter of any one of the preceding claims, 
wherein said conductor comprises a coil. 
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12. The catheter of claim 11, wherein said coil has a 
varying pitch and the pitch and the distal end portion 
of the coil being relatively large. 

13. A catheter apparatus comprising: 



posed between said first and second tubes. 

19. The catheter, apparatus or system of any one of the 
preceding claims, wherein said elongated tubular 
member does not extend radially inward beyond 
said inner surface. 



a power supply having an anode and cathode; 
an elongated tubular member having an outer 
surface, a proximal and distal end, and an inner 
surface defining a lumen; and 10 
an electrode disposed in said catheter radially 
inward from said outer surface and in the vicin- 
ity of said distal end, said electrode having a 
surface that faces and communicates with said 
lumen and is electrically coupled to said cath- is 
ode. 



14. A mammalian implant delivery system comprising: 

a power supply having an anode and cathode; 20 
a catheter comprising a tubular member having 
an outer surface, a proximal and distal end, and 
an inner surface defining a lumen; 
an electrode disposed in said catheter radially 
inward from said outer surface and having a 2S 
surface that faces and communicates with said 
lumen; 

a conductor having a first portion electrically 
coupled to said electrode and a second portion 
elGctrically coupled to said cathode; 30 
an implant suitable for mammalian implanta- 
tion; 

a delivery member disposed in said catheter for 
delivering the implant to a region in the mam- 
mal; and 35 
an electrolytically disintegratable link coupling 
said delivery member to said implant, said link 
being electrically coupled to said anode. 

15. The apparatus or system of claim 13 or claim 14, 40 
wherein said electrode is spaced longitudinally in- 
ward from said distal end. 



16. The apparatus or system of any one of claims 1 3 to 
15, further including a conductor that is embedded 
in said tubular member, said conductor having a first 
portion electrically coupled to said electrode and a 
second portion electrically coupled to said cathode. 

17. The catheter, apparatus or system of any one of the so 
preceding claims, wherein said electrode has a 
most distal surface, said most distal surface being 
electrically insulated. 

18. The catheter, apparatus or system of any one of the ss 
preceding claims, wherein said elongated tubular 
member comprises a laminate construction includ- 
ing first and second tubes, said conductor being dis- 
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(54) Delivery catheter for electrolytically detachable implant 



(57) The invention involves a catheter for introduc- 
ing a delivery member such as a guidewire having an 
implant coupled thereto via an electrolytically disinte- 
gratable link that is coupled to the anode of a power sup- 
ply having an anode and a cathode. The catheter com- 
prises an elongated tubular member having an outer 
surface, proximal and distal end portions, a lumen ex- 
tending between those portions, an electrode and a con- 
ductor. The electrode is disposed within the outer sur- 
face of the tubular member in the vicinity of the distal 
end portion and has a surface that faces and communi- 
cates with the lumen. The electrode is electrically cou- 
pled to the conductor which, in turn, is adapted for cou- 



pling to the power supply cathode such that when the 
electrolytically disintegratable link is placed in an elec- 
trolytic solution, such as can be found in an aneurysm, 
and positive current is provided from the power supply 
to the link, current from the link may return to the cathode 
of the power supply via the electrode. With this construc- 
tion, the electrode is shielded from endolumenal struc- 
tures which could otherwise increase the resistance in 
the current path from the sacrificial link to the electrode. 
The positioning of the electrode in the catheter as de- 
scribed above allows a reproducible impedance path 
from the electrode to the detachment zone, thus reduc- 
ing detachment time variability. 
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